The electric dipole polarizabilities evaluated at imaginary frequencies for hydrogen, the alkali-metal atoms, the alkaline earth atoms, and the inert gases are tabulated along with the resulting values of the atomic static polarizabilities, the atom-surface interaction constants, and the dispersion (or van der Waals) constants for the homonuclear and the heteronuclear diatomic combinations of the atoms.
INTRODUCTION
Dynamic electric dipole polarizability functions describe the response of atoms to applied oscillating and fluctuating electric fields and consequently they are necessary ingredients for many applications [1] . When evaluated as functions of imaginary frequencies they can be used for straightforward calculations of long-range interactions such as the dispersion (or van der Waals) and retarded (or Casimir-Polder) potentials between two atoms, the potential between an atom and a surface [2] or of an atom between two surfaces [3, 4] , and the dispersion (or Axilrod-Teller) potential between three atoms [5, 6, 7] . Other applications include evaluation of the Lifshitz formula for the free energy of macroscopic media at zero and non-zero temperature [8] and quantum reflection studies [9] . Numerical values of dynamic polarizabilities are useful tests for computations of atomic structure using wave function based methods [10] or density functional theory methods [11, 12, 13] .
We have carried out a program of calculating the dynamic electric dipole polarizabilities of the alkali-metal atoms and of the alkaline-earth atoms for use in determining long-range dispersion coefficients [10, 14, 15, 16] for photoassociation and ultra-cold atom scattering studies. For those papers it was not necessary to list the values of the polarizabilities as functions of imaginary frequencies. Since they are useful in a range of contexts, we present herein a set of values in readily usable form. For completeness, we also tabulate the corresponding static polarizabilities [17, 18] , dispersion coefficients, and atom-surface interaction coefficients.
THE ATOMIC DYNAMIC ELECTRIC DIPOLE POLARIZABILITY
The atomic dynamic electric dipole polarizability is given by the expression
with f n the absorption oscillator strengths, ω n the excitation energies, u the frequency of the applied electric field, and S ′ a combined summation over final discrete states and integration over final continuum states excluding the initial state. The function α(iω) is defined by the replacement of u by iω in Eq. (1) [5, 19, 6] and it can be constructed from calculated bound and continuum properties, or variationally, or obtained from fits to combinations of theoretical and empirical data. The function α(iω) is real and smooth. Oscillator strength sum rules dictate that it vary from the value α(0) at ω = 0 to the value N e /ω 2 as ω ∼ ∞, where N e is the number of electrons in the atom.
The dispersion (or van der Waals) constant C 6 (AB) enters in the interaction potential −C 6 (AB)/R 6 between two ground state atoms A and B at large internuclear distances R, see for example, Ref. [6] . The constant C 6 (AB) can be expressed as
where α A (iω) and α B (iω), respectively, correspond to atom A and atom B.
The potential between an atom and a perfectly conducting metal surface is given in terms of the normal distance z between the atom and the wall as −C 3 /z 3 , where the atom-surface interaction coefficient is
Integration of Eq. (3) for C 3 yields an alternate form in terms of the ground state atomic wave function |0 ,
where r i is the position vector of electron i from the nucleus.
SOURCES OF POLARIZABILITY DATA

Alkali metals
The dynamic polarizability for hydrogen is known analytically [20, 21] . It is also available in parameterized forms using pseudo dipole oscillator strength distributions (or "pseudo-DOSDs") [22] as well as in tabulations at various imaginary frequencies [23] . For the present work, it was calculated to sufficient accuracy using direct summation over a relativistic B-spline basis for the Coulomb field.
For alkali-metal atoms we employ dynamic polarizabilities calculated previously in Ref. [10, 14, 24] . In that work, dynamic polarizabilities were obtained by combining high-precision experimental data for matrix elements of principal transitions with several many-body methods of various accuracy. In particular, the relativistic linearized coupled-cluster method limited to single and double (SD) excitations from the reference state was used for calculation of oscillator strengths for the first several excited states. The results for SD matrix elements were presented in [25] . The relativistic random-phase approximation (RRPA) was employed for calculation of the contributions to the polarizabilities from core excitations, and, finally, the Dirac-Hartree-Fock (DHF) method was used to obtain less significant contributions.
The resulting static polarizabilities and dynamic polarizabilities at imaginary frequencies for hydrogen and the alkali-metal atoms are collected in Table I .
Alkaline-earth metals
To calculate the dynamic polarizabilities for alkaline-earth metals dimers we employed several atomic relativistic many-body methods of varying accuracy [15, 16] . The intermediate states in the sum appearing in Eq. (1) were formally separated into valence and core-excited states giving
The valence contribution α v , which gives the dominant contribution to C 6 , was evaluated with the relativistic configuration interaction (CI) method coupled with many-body perturbation theory (MBPT) [26, 27] . The smaller contributions of core-excited states α c were estimated using RRPA for the atomic core. In this method excitations of core electrons are allowed into the occupied valence shell and we introduced the correction α cv to remove these Pauli-exclusion-principle-violating excitations; this small correction was evaluated using the DHF method. The values of polarizabilities were further adjusted using accurate theoretical and experimental data for the electric-dipole matrix elements and the energies of the principal transitions (see [15, 16] for details). The resulting static polarizabilities and dynamic polarizabilities at imaginary frequencies for the alkaline-earth atoms are collected in Table II .
Inert gases
Dynamic polarizability data for the helium atom were obtained in the present work using an essentially exact relativistic CI method.
For the dynamic polarizabilities of Ne, Ar, Kr, and Xe, we used the semi-empirical dipole oscillator strength distributions (DOSD) constructed by Kumar and Meath [28] using constraints such as oscillator strength sum rules applied to certain available experimental data. The values in Table III constitute a different representation of the data presented by Kumar and Meath [28] .
The resulting polarizabilities for the inert gases atoms are collected in Table III .
THE TABULATED DATA
The values of the static polarizability, α(0) are given in the first line of Tables I-III. Comparisons of values of α(0) from various sources for various atoms can be found in the literature, cf. [17, 18] .
A typical application of dynamic polarizabilities involves integration of a product of α(iω) with a smoothly behaving function f (ω), I = ∞ 0 f (ω)α(iω)dω. The integration over frequencies ranges from zero to infinite values. An economic and accurate method for evaluating such integrals is the method of Gaussian quadratures [23] . In this method the above integration is replaced by a finite sum
where each term in the sum is weighted by factors w k . In this work we use points and weights listed in Table A and N g = 50.
Applications to atom-atom dispersion coefficients
The dispersion coefficients are computed by evaluating Eq. (2) using the Gaussian quadrature method yielding
For comparisons listing various previous determinations of the van der Waals coefficients, see Maeder and Kutzelnigg [29] , and our previous papers [10, 15] . The resulting coefficients for various pairs of alkali-metal, alkaline-earth, and noble-gas atoms are listed in Tables B-G. For the alkali-metals, the accuracy of calculation of C 6 dispersion coefficients using Eq. (6) and presented in Table B was estimated using i) experimental error bars for principal transitions and ii)) by comparison of the atom-wall interaction constant C 3 obtained as an integral of the dynamic polarizability, Eq. (3), with the SD ab initio calculation of Eq. (4) [30] . The estimated accuracy for the C 6 coefficients was at the level of 0.1% for Li, with less accurate results for heavier systems, reaching 1% for Cs and 1.5% for Fr. Agreement with subsequently determined experimental values for C 6 coefficients was excellent. For example, for Cs, the predicted value was found to be in an excellent agreement with the results from Feshbach resonance spectroscopy with ultracold atoms [14] . Similarly, in atomic units, our value 399.8 for the static polarizability of Cs listed in Table I is in 0.3% agreement with the experimental value [31] of 401.0(6).
For the alkaline-earth metals, in Table C we present C 6 coefficients for homonuclear and heteronuclear dimers. The estimates of the uncertainties in these coefficients was discussed in detail in Ref. [16] .
For the inert gases, in Table D , we have indicated uncertainties of 1% for the tabulated values of C 6 , as suggested by Kumar and Meath [28] . The analysis of the latest experimental data for inert gases by Bulanin and Kislyakov [32] is in excellent agreement with the results of Ref. [28] for values of the dynamic polarizability α(iω) below the first resonance. However, there are differences at the 1% level in the values of oscillator strength sums obtained in Ref. [28] and Ref. [32] , supporting the estimate of a 1% level of accuracy for the C 6 coefficients obtained by Kumar and Meath [28] .
For the heteronuclear atom pairs, the dispersion coefficient C 6 (AB) of the alkali-metals and the alkaline-earths are listed in Table E , the values for the alkaline-earths and the noble gases are listed in Table F , and those for the alkali-metals and the noble gases are listed in Table G. The uncertainty dC 6 (AB) in C 6 (AB) was estimated using the expression
Applications to atom-surface interactions
The atom-surface interaction coefficients were computed with Eq. (3) using the Gaussian quadrature method yielding
The resulting values are given in Table H .
APPENDIX A: GAUSS-LEGENDRE QUADRATURE
We determine the tabulated grid points and weights in two steps. First we obtain the GaussLegendre abscissas x k and weights g k defined on the interval (0, 1) with N g = 50 points. The weights and abscissas are generated by routine gauleg of Ref. [33] . Further we use mapping function ω k = 2 tan(π/2x k ), so that the resulting values of ω sample the entire integration range. The Gauss-Legendre weights are also properly redefined to incorporate the Jacobian of the coordinate transformation, w k = g k π/ cos(π/2x k ) 2 . The final values are given in Table A . (4) 652(7) 782 (6) (8) 1660 (14) 2022 (3) 2637(19) Na 521(4) 926 (9) 1782 (15) (20) 3635(36) 4437(24) 5809(52) Fr 963 (11) 1701(22) 3265(39) 3974(34) 5170(57) Table F Dispersion coefficients C 6 and their estimated uncertainties (in parentheses) for alkaline-earth -noble gas pairs in atomic units.
He
Ne Ar Kr Xe Be 13.23 (9) 26.0(2) 97.9(8) 143(1) 221(2 (1) 291(2) 458(2) K 38.86(8) 76.1(4) 296 (2) 440(3) 692(4) Rb 44.07(11) 86.5 (5) 334(2) 494(3) 776(4) Cs 53. 6(3) 105. 4(8) 404 (3) 598 (4) 936(7) Fr 52.4 (4) 103 (1) 390 (4) 575(6) 896(9) 
